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CaHbrition Of pumps tuch as blood pumps Of dMytis 

(57) Caltbrstion of puin|», sucli as peristaltic blood 
pumps of dialysis maciiines, is aclileved by recording inlet 
pressures in a fluid conduit during previous use of the 
pump and deriving a calibration inlet pressure which is 
used to derive a flow rate of the pump. The calibration 
Inlet pressure may be a mean inlet pressure or derived by 
regression of the recorded inlet pressures. The flow rate 
of the pump may be derived by moving a known volume 
of fluid with the pump while maintaining the inlet 
pressure at the calibration inlet pressure. During 
subsequent use the speed of the pump may be adjusted 
to achieve a constant flow regardless to changes in the 
inlet pressure, in the case of dialysis, blood is introduced 
into arterial line 42 by a blood pump 44 and the inlet 
pressure is measured by sensor 43. Toxins are removed 
from the blood through membrane 45 of the dialyzsr 46 
into dialysate circuit 72 and the blood is returned via 
venous line 40.The recording of pressures and calculating 
the calibration inlet pressure may be done by a central 
proofing unit. 
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Calibration of Pumps, such as Blood Pumps of Dialysis Machines 



This invention relates to the subject of caHbration of pumps, and in particular to 
calibration of pumps in which the inlet pressure of the pump effects the volume of fluid 
moved per revolution of the pump. The metood involves recording the inlet pressure during 
use of the pump and using the recorded pressures to caKbrate the pmiq) prior to the next 
operation of the pump. Hie method is particularly suitable for use in calibrating a blood 
pump found m an 

extracorporeal circuit of a dialysis machine. 



Hemodialysis machmes are used for treating patients suffering ftom inadequate 
kidney function. Hemodialysis madimes uiclude. among oflier tWngs, an extracorporeal 
blood circuit typically comprismg an arterial line, a blood pmnp. a dialyzer and a venous line. 
Blood is removed from the patient via the arterial Ime and pumped by the blood pump to the 
dialyzer, where blood-bome toxins and excess fluids are removed from the patient's blood, 
nie blood is flien returned to flie patient via the venous line. The blood pmnp in most 
dialysis machines is a peristaltic pump, wherem die pmnp segment is squeezed by a pair of 
rollers tiuit move overagivenlengfli of pump segment tubing mstalled in the blood pum^^ 

Tht quality of the dialysis treatoent is directiy related to the control over flie amount 
of the patient's blood tiiat flows tiirough the dialyzer. Blood flow inaccuracy. oft«i due to 
inaccurate blood pmnp calibration, is well known in dialysis clinics- These inaccuracies can 
be due to the feet fliat flie hdet pressure to the blood pump (typicaUy measured in die 
line) has a significant effect upon tiie stroke volmne of peristaltic pumps. In addition, where 
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the pump segment and entire extracorporeal circuit are 
reused and subject to heat disinfection cycles between 
use, the heat can affect the pump segment itself, 
thereby changing the characteristics of the pump segment 
in the next use of the extracorporeal circuit. This 
phenomenon again changes the stroke volume of the blood 
pump and makes precise calibration more difficult. 

The present invention at least in preferred 
embodiments provides a way of precisely calibrating the 
pump which compensates or accounts for the variations in 
inlet pressure to the blood pump and which can account 
for changes in the blood pxjocp segment over time. 
Although the specific embodiment described herein is for 
calibrating a peristaltic blood pump, it should be 
appreciated that the calibration method can be applied 
to any type of pump where an inlet pressure versus flow 
rate relationship exist. Additionally, the calibration 
method is applicable outside the field of dialysis. 

Viewed from a first aspect there is provided a 
method of operating a pump subject to repeated use, said 
pump placed in a fluid conduit, comprising the steps of: 

(a) recording inlet pressures in said fluid 
conduit during a, previous use of said pump; 

(b) deriving, from said recordings of inlet 
pressure, a mean inlet pressure during said previous use 
of said pump; 

(c) calibrating the flow rate of said pvmp, said 
step of calibrating performed while said inlet pressure 
to said fluid conduit is set with reference to said mean 
inlet presstire; and 

(d) subsequently using said pump. 

The calibration of the flow rate of the pump 
preferably comprises the steps of 

moving a known volume of fluid with said pump at a 
predetermined putrp revolutions per minute; 

measuring the time taken to move said known volume 



of fluid; and 

determining the volume of fluid moved by said pump 
per revolution; 

wherein said step of moving is performed while said 
5 inlet pressure to said fluid conduit is adjusted to 
substantially match said mean inlet pressijure. 

Viewed from a further aspect there is provided a 
method of calibrating a peristaltic blood pvatp of a 
hemodialysis machine, said hemodialysis machine having 
10 an extracorporeal circuit coitprising an arterial line, a 
venous line, and a dialyzer, wherein said blood pump 
pumps blood from a patient through said arterial line 
and dialyzer and delivers said blood back to said 
patient via said venous line, cottprising the steps of: 
15 recording inlet pressures in said arterial line 

during dialysis sessions for said patient; 

deriving from said recorded inlet pressures a 
calibration inlet pressure Pe, to be used for calibration 
of said blood pump; 
20 adjusting the inlet pressure of said arterial line 

to substantially match said inlet pressure P^.; 

moving a known volume of fluid with said blood pump 
while maintaining said inlet pressure of said arterial 
line substantially at said pressure Pc to thereby 
25 calibrate said pump at said pressure. 

Viewed from a still further aspect there is 
provided a method of operating a dialysis machine having 
an extracorporeal circuit comprising a blood pun?>, and 
arterial line, a venous line and a dialyzer, comprising 
30 the steps of: 

calibrating said blood pump from recorded inlet 
pressures in said arterial line from previous dialysis 
session of said dialysis machine to thereby derive a 
relationship for said blood pump between a derived inlet 
35 calibration pressure Pc in said arterial line and known 
volume of fluid moved by said blood pump per revolution 
at said derived inlet pressxire, and 



during a subsequent dialysis session of said 
dialysis machine, adjusting the speed of said blood pump 
to achieve a substantially constant flow of blood 
through said extracorporeal circuit regardless of 
changes in the inlet pressure of said arterial line 
during said use of said dialysis machine. 

Viewed from a yet further aspect there is provided 
an apparatus for calibrating a peristaltic blood pump of 
a dialysis machine, said dialysis machine having an 
arterial line through which said blood pump pumps blood 
from a patient, wherein said apparatus has recording 
means for recording inlet pressures in said arterial 
line dtiring dialysis sessions for said patient, 
derivation means for deriving a calibration inlet 
pressure from said recorded inlet pressures, 
calibration means for calibrating the flow rate of said 
blood punp, and press\ire setting means for setting said 
inlet pressure with reference to the derived calibration 
inlet pressure P,, during said calibration. 



A meflwd is provided for operating a pump that is subject to repeated uses. The 
invention provides for calibrating the pump at an expected inlet pressure that is derived from 
previous measurements of inlet pressure during a prior use of the pump. The result at least according to 
5 preferred embodiments is a more accurate calibradon of the pump. Further, the accurate calibration is 
performed independent of die accuracy of the device diat is used to measure inlet pressure. 

In aiepre^tative embodimrait, the pump is placed in a fluid conduit which has a pre- 
pun^ or inlet pressure sensor. The method involves recording the inlet pressure in the fluid 
conduit during use of the pump. For exaanple, in a blood pump embodiment, during dialysis 

10 treatments the inle* pressure to the blood pun?) is measured periodicaUy and recorded m 
computer readable memory that is part of the control system fiir the dialysis machine. At any 
time when flie system slows or stops the blood pump (such as in the case of an alarm), the 
pressure recordings are paused. 

The method continues by deriving (e.g., calculating) fiom the recordings of inlet 

15 pressure a mean or average inlet pressure at the pump lhat occurred during the use of the 
pump. In the dialysis embodiment, the average pressure over tbe course of the dialysis 
treatment is calculated. Furthermore, over multiple uses of flus pump, such as multiple 
dialysis sessions, the avwage inlet pressure over multiple dialysis ti^atments can be averaged 
or regressed to arrive at a predicted inlet pressure for the nort treatment or use of the pump, a 

20 pressure refaied to herein as P, or calibration pressure. 

The method continues by calibrating tiie flow rate of tiie pump, with the caKbrating 
performed while the inlet pressure to the fluid conduit is set to the mean inlet pressure or the 
calibration pressure P. (aflier direcfly, or by varying the pressure in regular periodic intervals 
around tiie calibration pressure P^. This "smart point" caHbration is flnis made at an inlet 

25 pressure fliat is likely to be experienced in flie next use of tiie pump, and tiius tends to 



produce a better and more accurate calibration since variation in pump flow rate as a function 
of inlet pressiue is accounted for. 

Calibration of the punq) can by made by moving a known volume of fluid from a 
source of fluid, such as a reserve tank or ultrafiltration tank in a dialysis embodiment, at a 
predetennined pump RPM and saiding flie fluid to drain. Again, fliis step of moving the 
known volume of fluid is done while the inlet pressure to the pump is maintained at the 
ejqjected inlet pressure for the next use of the pump. The time to move the fluid is 
automatically recorded. Tte known volume of fluid divided by the time yields the flow rate. 
The flow rate divided by RPM gives volume per revolution. 

Typically, fliis cahT>rated value of volume per revolution is used by the control system 
software during flie nsct dialysis treatmait to control the amount of dialysis of the patirait that 
takes place. Thus, tiie method continues by subsequently using the pump after having been 
calibrated as described. In a typical example, the pump is opaated at a flow rate that is 
calibrated in accordance wifli flie expected inlet pressure. 

In another aspect of the invention, a mcdiod of calibrating a peristaltic blood pump of 
a hemodialysis machine is provided. Ihe hoDoodialysis machine has an earttacoiporeal circuit 
comprising an arterial hne, a venous line, and a <Myzer, wherem the blood pump pumps 
blood from a patient through the arterial line and dialyzer and delivMS the blood back to the 
paAeat via the venous line. The method comprises the steps of: 

recording inlet pressures in the artoial line during dialysis sessions for the patient; 
deriving from the recorded inlet i»essuies a calitaation inlet pressure P. to be used for 
calibration of the blood punq>; 

adjusting the inlet pressure of the arterial line to substantially match tiie caKbtation 
inlet inessurePc', and 
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movmg a voliHne of fliud with the blood pump v*ile maintairm 
the artocial Hne at &e calibration inlet pressure to thereby derive a volume per revolution 
for the pump at flie pressure P^. 

In a preferred embodiment, the caKbratiOTi pressure calculated as described herein is 
5 verified by comparing it to the previous caKbration number for the blood tubing set to see if 
the change is outside of a specified range. If this verification challenges the validity of the 
caUbration, the caKbnrtion is rq>eated »q> to a iHcdeteimined num^ If, after 

rq)eated trials, the caKbration is stiU outside of flie specified range, then the calibration is 
deemed t» have felled. In that event, the Wood tubing set is changed (i.e.. replaced) and/or 
10 the blood pump is serviced. 

It should be ^reciated that the patient's instantaneous arterial pie-punq> blood 
pressure nuQT vary over the course of the treatment, and thus the flow rate of flie blood pump 
will also vary. However, if the mean pressure is accurately predicted (as described hetem) 
then the mean flow rate wiU also be set accurately and the conect dose of dialysis ddi^ 

IS flie patient 

hi an alternative embodiment, in addition to using flie "smart point" caKbration of flie 
blood pump to set flie blood pump RPM during treatment, flie inlet pressure measurements 
during flie treatment may be used to actively control the RPM of flie blood pump in order to 
adrieve a constant flow rate over varying pressure. 
20 niese and oflier aspects of flie invention will be apparent from tiie foUowing 

description of flie ptesenfly prefiaied embodiment of Ihe invention. 



Some prefetied embodiments of the present invention will now be described by way of example 
only and with reference to the accompanying drawings, in which: 

Figure 1 is an illustration of a dialysis machine, including an extracorporeal circuit 
and user interface, which may be employed in practicing the invention. 

Figure 2 is a schematic diagram of a rq)resentative extracoiporeal blood circuit and 
dialysate drcuit of the machine of Figure 1, with the conquments theirof not related to a»s 
presait invention omitted for the sake of conciseness and clarity. 

Figure 3 is a schwnatic diagram showing the connection of the arterial line to the 
dialysate circuit and ultrafiltration tank of Figure 2 aJfter the treatment has ended, as would be 
the case when the blood pump calibration procedure is perfoimed. 

Figure 4 is a graph of mean blood pump inlet pressure as a fitnction of the numbe: 
treatments using the same blood tubing set, illustrating how pressure changes over a numbe. 
of treatinents can be used to derive an expected pressure for the next treatment 



Figure I is an illustration of a dialysis maclune 10 having a user inter&ce 12, which 
may be ^i^loyed in practicing the invention. The dialysis machine 10 in tbe illustrated 
CTibodiment is a machine suitable for use outside of a traditional dialysis clinic setting, sudi 
5 as the home, nursing home or self-care clinic environmoit, howevo- &e inv»ition is not 
considered limited to sudi a machine. Before discussing the blood pump calibration 
invention in detail, a brief discussion of the dialysis machine 10 of Figure 1 and some of the 
features related to the presoat invmtion will be set forOi. 

The dialysis machine 10 inchides an extracotporeal dicuit 24 mounted above a lower 
10 cabinet 22. The extracorporeal circuit is housed behind a door 27 in an enclosure 26 that is 
mounted to a turntable 28. The turntable 28 is moveably mounted to the top of the lower 
cabinet 22 sudi that the turntable 28, mclosuie 26 and extracorporeal circuit 24 ate cqiable of 
rotation as a unit relative to the lower cabinet 22 about a vertical axis. 

The dialysis machine 10 has a -watex treatmoit module 23 and a dialysate prqiaration 
IS module 25 ccutainedwitiiin a lowo-comimtment or cabinet 22. The water trratment module 
23 plays no part in the present invention, and is described in d^l in U.S. Patent 5,591,344 to 
Kenley et al. and assigned to Ak^, Ltd., the assignee of the present invention. The Kenley 
et al. U.S. Pat»t No. 5,591344 is mcorporated by refamce herein. Additionally, the manner 
in which the dialysate solutions are prepared in the dialysate preparation module 25 and 
20 circulated through a dialysate circuit to a dialyzer in tiie extracorporeal circuit in the 
enclosure 26 is not particularly inqKntant to fliis inveoticm and is well known in the art, and 
m^ be as described in tiie Keoley et al. patent (a prefened embodiment), or otherwise. 

The details as to the user mter&ce 12 are also not particularly inq)ortant inso&r as the 
present invoition is concerned, and may be as described in U.S Patoit 5,788,851 or as 
25 described in the above-refenaiced Grogan et al. patent, or otherwise. The user interface 
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includes a touch sensitive di^lay screen 14 and a set of three hard keys 16, 18 and 20 that are 
pressed by flie user to antra- infonnation into the machine. The usee intaface is connected 
via an arm 30 to the cabinet 22. The user interface rotates about a tilt axis T and a vertical 
axis A so as to enable the user interfece to be positioned at a location convenient for the 
5 patioit 

Figure 2 is a schematic illustration of the extracorporeal circuit 24 and dialysate 
preparation system 25 of the machine 10 of Figure I . In the embodiment of Figure 2, blood is 
removed from the patient and inlroduced into the arterial line 42, and punqjed by a blood 
pump 44 to the blood compartment or blood side of a dialyzer 46. An arterial pre-pump 
10 pressure sensor 43 is placed in the arterial line 42. Blood-borne toxins and excess water are 
removed Smm ftss blood toough the membrane 45 of the dialyzer 46 into a dialysate circuit 
72, and the blood is retumed to the patient via the venous line 40. To prcvait air fiom being 
introduced mto the blood being retumed to tiie patient, it is conventional in the dialysis art to 
place &e air tr^ 50 in the venous line. The fluid level in the air tr^ 50 can be adjusted by 
15 known methods, and in Figure 2 air is pussped into or out of the air tr^ 50 via line 52 to raise 
or lower the level in fl]e air trap. 

Further details of die particular extracoiporeal circuit illustrated in Figure 2 are not 
considered to be p«tinent to the opaation of the present invention, and can be found m the 
published PCT plication of Kenlqr et aL, publication no. WO 96/25214, or m Ihe patent to 
20 KenleyetaLU.S. Patent No. 5,59U44. 

The dialysate prq)aration module 25 includes a fifty liter dialysate tank 54 storing a 
batch quantity of dialysate solution, and a pump 56 for pumping the solution from the tank 
through a heater assembly 58, a staile ultrafilter 60, and into a line 62 leading to the dialysate 
side of flie dialyzer 46. An inlet valve 64, bypass valve 66 and first and second inlet and 
25 outlet three way valves 68 and 70 are provided in the dialysate circuit 72. Tie dialysate 
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circuit 72 includes an inlet line 74 and outlet line 76 from the dialyzer. The outlet line 76 is 
connected via valve 70 to a dialysate outlet Bne 78 that leads to a manifold 80. Valves 
downstream of the manifold 80 dictate whether the returning dialysate is directed to the tank 
54 via line 82, or sent via line 84 to an ultrafiltration pvaap 86. The ultrafiltration pump 86 

5 operates to iranove precise volumes of dialysate solution fi»m the dialysate dicuit 72 into an 
ultrafiltratiwi tank 90 via line 88. During the dialysis session, the fluid removed from the 
patient is pumped by the ultrafilUation pump from the dialysate circuit into the ultrafiltration 
tank 90, enabling precise measurement of the volume of fluid removed from the patient 

la the illustrated embodimoit, dialysate solution is prq>ared in the tank 54 as a result 

10 of mixing chemicals from vessels 91 that are introduced into the tank 54 with reverse osmosis 
water from the water preparation module 23 of Figure 1. The detaUs are not considered , 
pertinent and are described in the above-referenced Kenl^ et al. *344 pataiL The particular 
details as to the dialysate preparation module, the manner in which the diaJysate solution is 
prepared and circulated, are not considered to be a part of the invention and can be by any of 

15 sevend other known methods, sudi as using priqwrtiomng systems, such as described in th^ 

Giogan et al. patent, or otherwise. 

During dialysis sessions, arterial pre-pump pressure is measured by the inlet pressure 
sensor 43 periodically (such as every 5 seconds) and the measurements recorded in a machme 
readable storage medium in the compute control Systran of the instnanent. The 

20 measurements start vAen dialysis commences, after a predetemained number of seconds have 
eli^ (e.g., 20 seconds) to stabilize the blood flow and the pressure in the arterial line. 
Pressure measuranents are also paused when the systan slows or stops, such as in the case of 
an alarm, or when the pressure fells outside of preset high and low thresholds. In this 
manner, an average pressure over the course of a dialysis treatment can be calculated, such as 

25 by dividing the total sum of the pressure measuroiwntB by the rannbor of measuremaits. 
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This pressure is used during a calibration of the blood pump before the next treatment, and 
referred to as herein. Furthermore, the average pressure is also measured over a number of 
treatments (i.e., in an embodiment in which the blood tubing set and dialyzer are reused), and 
either regressed or averaged to get a more accurate figure for P.. This data over the couise of 
tiie treatment (and ovct multiple treatments) can be averaged or regressed to improve the 
ability to predict the pressure in the next treatment, and, significantly, can be used to 
accurately calibrate the flow rate of flie blood pump. 

After tile treatment is over, the patient disconnects torn flife arterial and venous lines 
and places the arterial and venous line connectors into respective arterial and venous line 
connector ports 96 that are built in to tiie bulHiead of the instrumait housing the 
extracorporeal circuit These ports 96 are connected to tubing that allows cleaning and 
disinfection fluids to pass from the dialysate preparation or water treatmait modules in the 
machine into the extracorporeal circuit for purposes of cleaning and dismfection, and fiom 
fliere to a drain. The ports, and the disinfection procedure, are described at length in the 
Kenley et al. '344 patent cited previously. 

The fluid connection of the extracorporeal circuit to fte rest of the machine, after 
dialysis is ended, is shown schematicaUy in Figure 3 to the extent relevant to the present 
discussion. The arterial line 42 taminates in a connector 94 that flie patient inserts into a 
port 96 after the treatment is ended. The port 96 is connected to a line 98 in fluid 
communication with flie ultrafiltration tank 90. The ultrafiltration tank is connected via a 
valve 100 to a source of water (or dialysate solution) that can be used in the calibration 
Fttocedure described herein. The source could be water filtration apparatus in the machine, or 
the 50 lit^ tank in flie machine, or some othcarconveaiient source. Fluid from the source is 
directed into the ultrafiltration tank 90 to fill the tank. The ultrafiltration tank has two level 
sfflisors 102 and 104 flat define a predsely known volume of fluid (e.g., 100 ihl). An 
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atmospheric valve 106 is placed in a line 108 leading out of the top of the ultrafiltration tank 
90. A sterile filter (not shown) is placed in the line 108. 

After the treatment has ended, and prior to the next treatment, the blood pump is 
caUbrated in accordance with Ihe invention. A known volume of fluid is moved &om. the UF 
5 tank 90 at a predetermined RPM into the extracorporeal circuit and sent to drain. In Ae 
illustrated embodiment, the lines 92. 42 and 40 will be completely filled with fluid, such that 
the movement of fluid out of the ultrafiltration tank by the blood pump is exactly 
commensuiate with the amount of fluid pumped throu^ the ejctracorporeal circuit. The 
known volume of fluid is defined by the volume of fluid contained in the ultrafiltration tank 

10 between the levels indicated by the upper and lower level sensors 102 and 104, and wiU be 
precisely known. The time to move the volume of fluid is recorded automatically by a clock 
or timer in the cranputw systan in tiie machine. The known volume of fluid moved during 
calibration divided by the time yields a flow rate. The flow rate divided by pump RPM gives 
a volume pff revolution. The vohune per revolution is tiie nunaba: tiwt is used by the control 

15 software to iMBcisely regulate flie dose of dialysis daring flie next treatment. This 
calculation is performed by a convention central processing unit in the control system, 
executing a software program having a calibration routine containing instructions as 
described herein. 

During the above-described caKbration procedure, tiie inlet pressure to tiie blood 
20 pump, measured at pressure sensor 43, is set to the caKbration pressure P., obtained as 
described above. There are several ways of setting flie caKbration pressure P.. One way is 
to place a variable flow restiictor in tiie Kne 92 and adjust flie setting such fliat flie inlet 
pressure recorded by pressure soisor 43 is to equal flie value of P^. 

Anoflier way is to take advantage of flie existing flow restrictions flat are caused by 
25 flie Knes 42 and 92, flie fixed head heights, and conqionent pressure drops, and use flie 



- 13 - 



occluding atmospheric valve 106 at the top of the ultrafiltration tank. A presently preferred 
way of creating tibe calibration pressure at tibe inlet to the blood pump is as follows: 

1 . If the inlet pressure sensor 43 registers a pressure of 20 mm Hg more positive than 
the target calibration pressure Pc, thrai the atmo^hadc valve 106 is closed until 
the inlet pressure sensor 93 registers pressure of 20 mmHg more negative that the 
target caUbration pressure, or imtil 10 seconds have elq)sed. 

2. After either of tiiese conditions has been obtained, the atmospheric valve 106 is 
09)med. The inlet pressure at 43 is then reevaluated, e.g., 10 seconds later. 

3. Steps 1 and 2 are repeated throughout the calibration period. 

This procedure effectively produces an oscillation in the inlet pressure about the calibration 
pressure. When gr^hed, the pressure oscillation takes the finrn of a saw4ooth wave. Hie 
pressure overshoots the target, then falls below flie target, climbs again to overshoot the 
target, then &lls below the target, etc. The mean pressure over time is the desired target 
caUbration pressure P«. The language used in the claims relating to the stq> of calibrating tbe 
blood pump while maintaining the inlet pressure at (or the mean inlet pressure) is intended 
to cover the situation in which the pressure is set at Pc directly and maintained there during 
the calibration period, or where the pressure is controllably varied about the pressure P^, for 
example as just described. 

In the situation when the value of P. is i^dated over multiple treatments or uses of the 
blood tubing the process proceeds as follows: 

(1) the inlet pressure is recorded throughout the treatment as described above (i.e., 
pressure measur^ents are paused within 20 seconds of starting the blood pump or changing 
the blood pump speed, or whraiever the prrasure is outside of high or low limits); 

(2) the ]ne8sure firan successive treatmraits are averaged to derive a new value of 
Pc (sum &e total pressure measurements and divide by the number of measurranoits, or 
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alternatively sum the previous measurements of P., one per treatment, and divide by the 

numbo: of previous treatmoits). 

(3) Alternatively, use a linear regression algorithm in which the pressure trend, 

treatment to treatment, predicts the pressure change for the next treatment, as shown in Figure 
5 4. One possible algorittim is as follows: 

If treatment number (i.e., number of previous treatments) = 1, set target caKbration 
pressure P« = measured avaage inlet pressure of treatment number 1; 
else if treataient number = 2. set target caUbration pressure = (measured average inlet 
pressure treatment #1 + ineasared average inlet pressure treatment # 2)/2 

10 etc. 

if treatment # >= 5, set target calibration pressure = (sum of measured average jnlet 
pressures fiom last S treatments) / 5. 

Note that the sensor used to measure the pressure during caKbration is also the sen^ 
15 measure1hepatient-sarterialpre.pumppre8Sureduringdialysis.thHsh^^ 
of fhe calibration. 

As a safety or redundancy dieck on the above procedure, in a preferred embodiment 
the caHbration number calculated by this process is verified by comparing it to the previous 
calibration number for that blood tubing set (e.g., volume per stroke of blood pump) to see if 
20 the change (or cahTiration value) is outside a specified range. If the verification challenges 
the vaHdity of the caUbration, then cafibration is repeated up to a predetemuned number of 
times (say. 3). If. after repeated trials, the caKbration is stiU outside of the specified range, 
then the calibration is deemed to have fafled. The blood tubing set is replaced and/or the 
blood pump is serviced. 
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In anothra- embodimait, in addition to using the smart point caiibration to set the RPM 
of the blood pump dining treatmoit, the inlet pressure measured during the treabnent may be 
used to actively control the RPM of the blood pump in order to achieve a constant flow over 
varying pressure. For exsmple, if the blood pump pumps a known volume of blood at a 
given RPM and particular inlet pressure and the pressure drops or rises, then the RPM of the 
blood pump may be adjusted to achieve a substantially constant flow of blood through the 
extracorporeal circuit CahTjration of the blood pump over a range of inlet pressures will 
assist in maintaining constant flow rates. The calibration over a range of inlet pressures may 
be done separately, or extrqwlated from the known data of volume versus RPM at a given 
calibration pressure. In a representative embodiment, the substantiaHy constant flow of blood 
can be maintained for at least one minute during the dialysis session, or preferably for longer 
periods of time, such as for 10 minutes or ev«ii longer. 

Persons of skill in the art will sqjpredate that variations may be made to the prefened 
and alternative embodiments described above witiiout dqpartur© from the trae ■ scope 

of the inventioa This true scope is determined by the iq>pended claims, to be 

interpreted in ligjit of the foregoiqg. 
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CJAIMS; 



1. A method of operating a pump siibject to repeated 
use, said pump placed in a fluid conduit, conqprising the 

5 steps of: 

(a) recording inlet pressures in said fluid 
conduit during a previous use of said pump; 

(b) deriving, from said recordings of inlet 
pressure, a mean inlet pressure during said previous use 

10 of said pump; 

(c) calibrating the flow rate of said pump, said 
step of calibrating performed while said inlet pressure 
to said fluid conduit is set with reference to said mean 
inlet pressure; £uid 

15 (d) subsequently using said punp. 

2. The method of claim 1, wherein said pump coir^irises 
a blood pump of a medical instrument. 

20 3. The method of claim 2, wherein said blood pump is 
part of an extracorporeal blood circuit of a dialysis 
machine, and wherein said repeated uses of said pump 
comprise repeated uses of said pump in conjunction with 
dialysis sessions performed on a patient by said 

25 extracorporeal circuit and said dialysis machine. 

4. The method of claim 1/ 2 or 3, vriierein said step of 
calibrating comprises the steps of: 

moving a known volume of fluid with said pump 
30 operating at a predetermined number of revolutions per 

minute ; 

measuring the time taken to move said known volume 
of fluid; and 

determining the vol\ime of fluid moved by said pump 
35 per revolution. 
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5. The method of any preceding claim, wherein during 
said step of calibrating the flow rate of said puinp, the 
inlet pressure of said fluid conduit is set to 
substantially match the mean inlet pressure. 

6. The method of any one of claims 1 to 4, wherein 
during said step of calibrating the flow rate of said 
pump, said inlet pressure is varied periodically about 

said mean inlet pressure. 

7. The method of any preceding claim, further 
con?>rising the steps of placing a restriction between a 
source of said known volume of fluid and the inlet to 
said fluid conduit, and adjusting said restriction so as 
to create an inlet pressure in said fluid conduit 
STibstantially matching said mean inlet pressure. 

8. The method of any preceding claim, wherein: 

said pump is incorporated into a medical instrument 
having a central processing unit, 

said step of recording comprises the step of 
reading measurements of inlet pressure to a con^juter- 
readable storage medium associated with said central 
processing unit, and 

said step of deriving is performed by said central 
processing unit retrieving said measurements from said 
storage medium and executing a software program to 
derive said mean inlet pressure from said measurements. 

9. A method of calibrating a peristaltic blood pump of 
a hemodialysis machine, said hemodialysis machine having 
an extracorporeal circuit conprising an arterial line, a 
venous line, and a dialyzer, wherein said blood pump 
pumps blood from a patient through said arterial line 
and dialyzer and delivers said blood back to said 
patient via said venous line, comprising the steps of: 

recording inlet pressures in said arterial line 
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during dialysis sessions for said patient; 

deriving from said recorded inlet pressures a 
calibration inlet pressure Pc to be used for calibration 
of said blood pump; 

adjusting the inlet pressure of said arterial line 
to substantially match said inlet pressure Pci 

moving a knovm volume of fluid with said blood pun^ 
while maintaining said inlet pressure of said arterial 
line substantially at said pressure to thereby 
calibrate said punp at said pressure. 

10. The method of claim 9, wherein said pressure P^ is 
derived by regression of said recorded inlet pressures. 

11. The method of claim 9, wherein said pressure Pc is 
derived by averaging of said recorded inlet pressures. 

12. The method of claim 9, 10 or 11, vdierein said step 
of moving comprises the step of moving a known volume of 
fluid by said blood pump with said blood pump operating 
at a predetermined rate of revolutions per minute. 

13. The method of any one of claims 9 to 12, wherein at 
least a portion of said known volume of fluid is stored 
in an ultrafiltration tank and drawn from said 
ultrafiltration tank through said extracorporeal circuit 
to a drain. 

14. The method of any one of claims 9 to 13, further 
comprising the steps of placing a restriction in a fluid 
line connecting said ultrafiltration tank to said 
arterial line, and adjusting said restriction during 
said step of moving so as to create an inlet pressure in 
said arterial line siibstantially matching said pressure 

Pc- 
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15. The method of any one of claims 9 to 14, wherein 
said dialysis machine con5)rises a central processing 
unit and a conputer- readable storage medium associated 
with said central processing unit, and wherein said step 
of recording inlet pressures con?>rises writing said 
inlet pressure to said computer-readable storage medium, 
and the volume of fluid pumped per revolution of said 
pump is determined by said central processing unit 
executing a software program and retrieving the 
necessary data and/or measurements stored on said 
storage medium. 

16. The method of any one of claims 9 to 15, further 
comprising the step of verifying the calibration of said 
pump to determine if said calibration is within a 
specified range. 

17. A method of operating a dialysis machine having an 
extracorporeal circuit comprising a blood punp, and 
arterial line, a venous line and a dialyzer, comprising 
the steps of: 

calibrating said blood pump from recorded inlet 
pressures in said arterial line from previous dialysis 
session of said dialysis machine to thereby derive a 
relationship for said blood punp between a derived inlet 
calibration pressure in said arterial line and known 
volume of fluid moved by said blood pump per revolution 
at said derived inlet pressure, and 

during a subsequent dialysis session of said 
dialysis machine, adjusting the speed of said blood punp 
to achieve a substantially constant flow of blood 
through said extracorporeal circuit regardless of 
changes in the inlet pressure of said arterial line 
during said use of said dialysis machine. 

18. The method as claimed in claim 17, wherein said 
inlet calibration pressure is derived by regression of _ 
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said recorded inlet pressures. 

19. The method as claimed in claim 17, wherein said 
inlet calibration pressure Pc is derived by averaging 

5 said recorded inlet pressures. 

20. The method of claim 17, 18 or 19, wherein said step 
of calibrating is performed in the manner recited in 
claim 9, 

10 

21. The method of any one of claims 17 to 20, wherein 
said step of adjusting is performed for at least one 
minute during the treatment of a patient during said 
subsequent dialysis session. 

15 

22. The method of any one of claims 17 to 21, wherein 
said step of adjusting is performed for at least 10 
minutes . 

20 22. hn apparatus for calibrating a peristaltic blood 

pun?) of a dialysis machine, said dialysis machine having 
an arterial line through which said blood pump pumps 
blood from a patient, wherein said apparatus has 
recording means for recording inlet pressures in said 

25 arterial line during dialysis sessions for said patient, 
derivation means for deriving a calibration inlet 
pressure Pc from said recorded inlet pressures, 
calibration means for calibrating the flow rate of said 
blood pximp, and pressure setting means for setting said 

30 inlet pressure with reference to the derived calibration 
inlet pressure Pc during said calibration. 

24. The apparatus of claim 23, wherein said calibration 
inlet pressure Pc is derived by regression of said 
35 recorded inlet pressures. 
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25. The apparatus of claim 23, wherein said calibration 
inlet pressure is derived by averaging of said 
recorded inlet pressures. 

26. A method of calibrating a pump substantially as 
described herein and with reference to Figures 1 to 3. 

27. A method of calibrating a pun?> substantially as 
described herein and with reference to Figures 1 to 4. 

28. An apparatus for calibrating a pump substantially 
as described herein and with reference to Figures 1 to 
3. 

29. An apparatus for calibrating a pump substantially 
as described herein and with reference to Figures 1 to 
4. 

30. A dialysis machine having a peristaltic blood pvxap 
and an apparatus for calibrating said blood puit^p as 
claimed in claim 23 to 25, 28 or 29. 



- 22 - 



Amendments to the claims have been filed as 



1. A method of operating a pump subject to repeated 
use, said pump placed in a fluid conduit, comprising the 

5 steps of: 

(a) recording inlet pressures in said fluid 
conduit during an at least one previous use of said 
pump; 

(b) deriving, from said recordings of inlet 

10 pressure, a mean inlet pressure during said previous use 
of said pun^; 

(c) calibrating the flow rate of said pun^, said 
step of calibrating performed while said inlet pressure 
to said fluid conduit is set with reference to said mean 

15 inlet pressure; and 

(d) subsequently using said pump. 

2. The method of claim 1, wherein said pump conprises 
a blood pump of a medical instrument. 

20 ' 

3. The method of claim 2, wherein said blood pvaap is 
part of an extracorporeal blood circuit of a dialysis 
machine, and wherein said repeated uses of said pump 
comprise repeated uses of said pump in conjunction with 

25 dialysis sessions performed on a patient by said 
extracorporeal circuit and said dialysis machine. 

4. The method of claim 1, 2 or 3, wherein said step of 
calibrating conprises the steps of: 

30 moving a known voliime of fluid with said punp 

operating at a predetermined number of revolutions per 
minute; 

measuring the time taken to move said known volume 
of fluid; and 

35 determining the volume of fluid moved by said pump 

per revolution. 
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during an at least one dialysis session for said 
patient; 

deriving from said recorded inlet pressures a 
calibration inlet pressure P„ to be used for calibration 
of said blood punp; 

adjusting the inlet pressure of said arterial line 
to substantially match said inlet. pressure P^; 

moving a known volume of fluid with said blood pump 
while maintaining said inlet pressure of said arterial 
line substantially at said pressure to thereby 
calibrate said pump at said pressure. 

10. The method of claim 9, wherein said pressure is 
derived by regression of said recorded inlet pressures. 

11. The method of claim 9, wherein said pressure P, is 
derived by averaging of said recorded inlet pressures. 

12. The method of claim 9, 10 or 11, wherein said step 
of moving comprises the step of moving a known volume of 
fluid by said blood pump with said blood pump operating 
at a predetermined rate of revolutions per minute. 

13. The method of any one of claims 9 to 12, wherein at 
least a portion of said known volume of fluid is stored 
in an ultrafiltration tank and drawn from said 
ultrafiltration tank through said extracorporeal circuit 
to a drain. 



14. The method of any one of claims 9 to 13, further 
comprising the steps of placing a restriction in a fluid 
line connecting said ultrafiltration tank to said 
arterial line, and adjusting said restriction during 
said step of moving so as to create an inlet pressure in 
said arterial line substantially matching said pressure 



15. The method of any one of claims 9 to 14, wherein 
said dialysis machine comprises a central processing 
tmit and a computer- readable storage medium associated 

5 with said central processing unit, and wherein said step 
of recording inlet pressures congirises writing said 
irilet pressure to said computer-readable storage medium, 
and the volume of fluid pumped per revolution of said 
pvunp is determined by said central processing unit 
10 executing a software program and retrieving the 

necessary data and/ or measurements stored on said 
storage medium. 

16. The method of any one of claims 9 to 15, further 

15 comprising the step of verifying the calibration of said 
pump to determine if said calibration is' within a 
specified range. 

17. A method of operating a dialysis machine having an 
20 extracorporeal circuit comprising a blood puirp, and 

arterial line, a venous line and a dialyzer, comprising 
the steps of: 

calibrating said blood pump from recorded inlet 
pressures in said arterial line from an at least one 

25 previous dialysis session of said dialysis machine to 
thereby derive a relationship for said blood pump 
between an inlet calibration pressure Pc in said arterial 
line derived from said recorded inlet pressvires and 
known volxame of fluid moved by said blood pump per 

30 revolution at said derived inlet pressure, and 

during a subsequent dialysis session of said 
dialysis machine, adjusting the speed of said blood pump 
to achieve a substantially constant flow of blood 
through said extracorporeal circuit regardless of 

35 changes in the inlet pressure of said arterial line 
during said uise of said dialysis machine. 
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18. The method as claimed in claim 17, wherein said 
inlet calibration pressure P, is derived by regression of 
said recorded inlet pressures. 

19. The method as claimed in claim 17, wherein said 
inlet calibration pressure is derived by averaging 
said recorded inlet pressures. 

20. The method of claim 17, 18 or 19, wherein said step 
of calibrating is performed in the manner recited in 
claim 9. 

21. The method of any one of claims 17 to 20, wherein 
said step of adjusting is performed for at least one 
minute during the treatment of a patient during said 
subsequent dialysis session. 

22. The method of any one of claims 17 to 21, wherein 
said step of adjusting is performed for at least 10 
minutes. 

23. An apparatus for calibrating a peristaltic blood 
pump of a dialysis machine, said dialysis machine having 
an arterial line through which said blood pump pumps 
blood from a patient, wherein said apparatus has 
recording means for recording inlet pressures in said 
arterial line during an at least one dialysis session 
for said patient, derivation means for deriving a 
calibration inlet pressure from said recorded inlet 
pressures, calibration means for calibrating the flow 
rate of said blood pump, and pressure setting means for 
setting said inlet pressure with reference to the 
derived calibration inlet pressure during said 
calibration. 

24. The apparatus of claim 23, wherein said calibration 
mlet pressure P, is derived by regression of said 
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recorded inlet pressures, 

25. The apparatus of claim 23, wherein said calibration 
inlet pressure is derived by averaging of said 

5 recorded inlet pressures. 

26. A method of Calibrating a pun?) substantially as 
described herein and with refeirence to Figures 1 to 4. 

10 27. An apparatus for calibrating a punp substantially 
as described herein and with reference to Ficfures 1 to 
4. 

28. A dialysis machine having a peristaltic blood punp 
15 and an apparatus for calibrating said blood punp as 
claimed in claim 23 to 25 or 27. 
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